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Guineapigs infected with M. tuberculosis were studied for pammeters relating to fibrosis following infection.
The infected animals were followed up to a period of 44 wk and the changes that occurred in the lung, liver and
spleen were studied. Corresponding tissues from animals injected with bleomycin, an anti-mitotic drug which
has the ability to produce pulmonary fibrosis, served as positive controls. Tissue collagen, elastin and hexosamines
were estimated biochemically. The presence of granuloma and stainable collagen in paraffin sections of these
tissues was also studied. Establishment of the infection was assessed bacteriologically by culturing the viable
organisms from the spleen. It was observed that a self-limiting infection was established in the guineapigs and
none of the animals died of the infection. In the infected animals, collagen, elastin and hexosamines showed an
initial decrease followed by an increase. While the elastin and the hexosamine levels returned to the basal levels
in all the three organs, collagen levels increased in the lung and were comparable to those of the bleomycin
control. Collagen stainable by Van Gieson’s method was found to be increased in the lung from the 4th wk
onwards. The present report indicates the potential of adopting this system for studying mechanisms of
fibrogenesis in tuberculous infection.
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Tuberculosis, a granulomatous disease, is often
characterised by extensive necrosis which can result in
the massive destruction of the infected organ. It is known
that when the disease is extensive, fibrosis can be seen
even at the time of diagnosis’. When extensive
destruction of tissue occurs, the consequent fibrosis
leads to functional loss and disability.
Information regarding the changes relating to
fibrogenesis in tuberculosis is scarce2,3. While it is
difficult to delineate the events relating to fibrogenesis
in human tuberculosis, this issue can be addressed in
suitable animal models. It is possible to infect a number
of experimental animals with Mycobacterium
tuberculosis. However, it is known that among the
various models, the pathogenesis of tuberculosis in the
guineapig closely resembles that of the human disease4.
In both human and guineapig tuberculous granulomata,
the bacilli are predominantly extracellular. The
distribution of the lesions in both species is similar.
Therefore, the present investigation was initiated with
the aim of infecting guineapigs with M. tuberculosis to
assess some of the changes relating to fibrosis,
biochemically and histochemically.
Bleomycin, an antimitotic drug is known to induce
pulmonary fibrosis in experimental animals5. Therefore,
guineapigs were treated with bleomycin and these
served as a positive control for studying parameters
relating to fibrosis.
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Material & Methods
A total of 58 male guineapigs (Cavia porcellus)
weighing about 250 g were obtained from the National
Centre for Laboratory Animal Sciences, National
Institute of Nutrition Campus, Hyderabad. M.
tuberculosis H37Rv strain was obtained from the stock
cultures maintained in Tuberculosis Research Centre,
Chennai. The bacilli were suspended in saline and their
number was adjusted using a Thoma bacterial counting
chamber (Gallenkamp, England).
Six guineapigs were given bleomycin (Khandelwal
Laboratories, Mumbai) 5 mg/kg body weight, ip twice
weekly for 5 wk and sacrificed after a week of the last
injection and lung, liver and spleen samples were
collected, to serve as positive controls for fibrosis6.
As most cases of tuberculosis occurring in India are
of the post primary form, it was decided to sensitize 43
guineapigs by giving 103 live organisms ip. Six weeks
after this sensitization, 37 animals were injected intra-
muscularly with an infecting dose of 107 organisms in
1 ml of saline7. Six sensitized but uninfected and nine
unsensitized and uninfected guineapigs were sacrificed
during the course of the study, to serve as normal
controls.
Groups of three to six animals of the infected group
were sacrificed at various time points from 4 to 44 wk
following infection and the lung, liver and spleen from
these guineapigs were collected. Bacteriological
investigations were done with portions of the spleen
collected at four weekly intervals from the 4th to the
20th wk and then at the 32nd and 44th wk after infection.
Biochemical and histochemical investigations were
done at 2 weekly intervals from the 4th to the 12th wk
and then at 16th, 20th, 32nd and the 44th wk.
Bacteriological investigations : The whole spleen was
removed aseptically and was divided into four portions.
One portion was taken in a sterile bottle and was
homogenised in 5 ml of normal saline and cultured for
M. tuberculosis . Of the other three portions, one was
transferred to a bottle containing about 10 ml of 10 per
cent formal saline fixative, for histology. Collection of
spleen for culture was not done with the uninfected con-
trol animals.
Biochemical investigations : Samples of lung and the
liver were excised, washed by immersing in physiologi-
cal saline. These were divided into three portions. One
was immersed in formal saline for histological exami-
nation and the other two were processed for biochemi-
cal investigations after recording their wet weight.
Collagen and elastin contents of the tissues were
estimated from their hydroxy proline content after acid
hydrolysis8. Samples collected for elastin estimations
were first subjected to three cycles of autoclaving at 15
lb psi for three h, and pelleting by centrifugation at
3000 rpm for 20 min to eliminate components other
than elastin and then hydrolysed. Hydroxyproline
content of the hydrolysates was assayed as described
earlier9 and suitable corrections were applied for dilution
and the weight of tissue taken for hydrolysis. Collagen
and elastin contents of the samples were obtained by
multiplying their hydroxyproline values with a factor
of 7.46 and 43.4 respectively8.
The hexosamine content of the tissue hydrolysates
was estimated using the method of Elson and Morgan10
and the exact amount in each tissue was calculated by
applying suitable corrections for dilution and weight of
tissue taken for hydrolysis.
Histochemical investigations : For histological exami-
nation, specimens fixed overnight in formal saline were
processed to obtain 5 micron thick paraffin sections.
The sections were stained with haematoxylin and eosin
(H&E) for the presence of the granuloma and by the
Van Gieson method for collagen11. Collagen content in
these sections was graded as either normal or as in-
creased compared to the collagen content of sections
obtained from the corresponding organs from normal
controls.
Statistical methods : Comparisons between the controls
and the test animals and between groups of test ani-
mals at different time points for each of the parameters
studied were made using the Student’s unpaired ‘t’ test.
Results
Changes in the control animals :
Biochemical changes–As no significant differences
were observed in the levels of collagen, elastin or
hexosamine among the sensitized and unsensitized
control guineapigs in all the three tissues (data not
shown), the values from these two control groups were
amalgamated for further comparisons. An increase in
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the levels of elastin (P< 0.05) was observed in the lung
of bleomycin treated animals when compared to the
uninfected controls (Table I). An increase of about 33
per cent in the collagen and a decrease of about 32 per
cent in the levels of hexosamine were observed in the
lungs of bleomycin treated animals. However, due to
high variability amongst the samples within the group,
the levels were not significantly different compared to
untreated controls. The contents of these three
components were similar in the liver and spleen
(Table I).
Histochemical changes– When the sections of lung,
liver and spleen from bleomycin treated guineapigs
were examined microscopically, it was found that all
the lung sections were infiltrated by scattered collections
of lymphocytes and macrophages. Similar collections
of inflammatory cells were also seen in all the sections
of the spleen. However, in the liver no inflammatory
cells were seen in any of the sections.
When the amount of collagen staining in the lung
was evaluated by comparison with the lungs from
normal guineapigs, three of the six guineapigs treated
with bleomycin had increased amount of fibrous tissue
and the other three had normal amounts. This increase
in collagen in the lung sections was observed mainly
around the terminal bronchioles and blood vessels.
Among the other organs examined, only one of the
spleen sections and none of the liver sections showed
increased stainable collagen.
Changes in the infected animals :
Establishment of infection–A portion of the spleen
from the infected animals was cultured for M.
tuberculosis at various time points from the 4th to the
44th wk. While M. tuberculosis could be grown from
all the guineapigs at the fourth week, subsequently, the
rate of culture positivity declined, though one or more
guineapigs were still positive till the 44th wk.
Biochemical changes : (i) Collagen– The mean
collagen contents of all the three tissues of the infected
guineapigs are shown in Table II. In all the three tissues,
the levels of collagen decreased initially till 10 wk after
infection. From the 12th wk onwards, an increase in
lung collagen levels was observed. The values from the
12th to the 44th wk were significantly elevated
Table I. Levels of matrix components in control guineapigs
Organ/group Collagen Elastin Hexosamine
Lung:
Bleomycin (n=6) 8.08±0.4 2.22±0.1* 17.86±4.0
Uninfected (n=15) 6.23±1.3 1.43±0.4 25.81±6.7
Liver :
Bleomycin 2.59±0.2 1.01±0.1 219.02±37.5
Uninfected 2.57±0.4 1.12±0.5 199.99±64.6
Spleen :
Bleomycin 4.15±0.2 1.45±0.1 29.83±10.9
Uninfected 4.24±1.1 1.11±0.5 48.28±15.4
Values in mg/g tissue for collagen and elastin and in µg/g tissue
for hexosamine are Mean±SE
* P < 0.05 as compared to the uninfected control
Table II. Levels of collagen in infected guineapigs
Weeks Number Lung Liver Spleen
after o f
infection animals
4 4 3.33±0.2 1.41±0.2* 1.82±0.1*
6 4 1.67±0.3* 1.05±0.1* 1.53±0.2*
8 4 2.71±0.1* 4.27±1.8 2.65±0.3
10 4 2.27±0.2* 0.84±0.3* 2.48±0.4
12 4 10.85±1.8* 3.32±0.2 6.92±1.3*
16 4 8.73±2.3* 3.13±0.8 6.14±1.9
20 6 8.78±2.6* 3.25±0.6 6.06±1.5
32 4 6.76±1.3 1.68±1.0 3.92±0.3
44 3 5.61±0.6 2.51±0.1 2.71±0.2
Values in mg/g tissue are Mean±E
* P <0.05 as compared to the uninfected control (shown in Table I)
compared to the controls (P< 0.05) and were comparable
with the level of 8.08 mg/g observed in the bleomycin
treated animals (Table I). The collagen content of the
liver also decreased significantly (P< 0.05) up to the tenth
wk (except at eight wk) from 2.6 mg/g to 0.8 mg/g.
However, the subsequent increase in the level of collagen
was not significant. The spleen collagen also showed a
similar initial decrease up to 6 wk followed by an
increase.
(ii) Elastin and hexosamine– The mean elastin
contents of all the three tissues of the infected guineapigs
are shown in Table III. A significant decrease after
infection (P < 0.05) was observed in all the three organs
but only up to the sixth wk. Subsequently the elastin
levels increased steadily to the preinfection levels by
12 wk.
The mean hexosamine levels in the lung, liver and
spleen of infected animals (Table IV) also decreased
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Table III. Levels of elastin in infected guineapigs
Weeks Number Lung Liver Spleen
after of
infection animals
4 4 0.28±0.2* 0.46±0.1* 0.70±0.2*
6 4 0.11±0.1* 0.28±0.2* 0.29±0.1*
8 4 1.41±0.7 1.17±0.6 1.00±0.3
10 4 0.77±0.1 0.85±0.9 0.89±0.5
12 4 1.15±0.5 1.24±0.1 1.53±0.6
16 4 1.87±0.4 1.46±0.2 1.88±0.4
20 6 1.72±0.3 1.47±0.2 1.88±0.5
32 4 1.69±0.4 1.51±0.4 1.93±0.4
44 3 1.63±0.1 0.79±0.3 1.35±0.1
Values in mg/g tissue are Mean±SE
* P <0.05 as compared to the uninfected control (shown in Table I)
Table IV. Levels of hexosamine in infected guineapigs
Weeks Number Lung Liver Spleen
after of
infection animals
4 4 1.32±0.5* 7.91±3.1* 2.91±1.1*
6 4 2.96±1.1* 15.04±3.2* 3.82±0.9*
8 4 3.09±1.4 3.36±0.4* 1.53±0.2*
10 4 1.28±0.5* 8.71±1.7* 1.65±0.3*
12 4 2.71±1.3* 5.63±0.7* 4.68±1.3*
16 4 13.12±3.1* 68.18±21.3* 12.01±3.0*
20 6 13.71±3.1* 66.01±19.3* 11.24±2.5*
32 4 40.06±11.3 169.05±25.9 98.00±34.5
44 3 47.18±15.4 188.00±77.9 53.07±19.7
Values in µg/g tissue are Mean±SE
* P <0.05 as compared to the uninfected control (shown in Table I)
Table V. Number of animals with increased stainable collagen in
the tissue sections at various time points after infection with M.
tuberculosis
Weeks Total Number of animals with
after no. increased collagen
infection Lung Liver Spleen
4 4 3 0 0
6 4 1 0 0
8 4 4 0 0
10 4 4 0 0
12 4 2 0 0
16 4 3 0 0
20 6 4 1 0
32 4 3 0 1
44 3 3 1 1
significantly (P <0.05) immediately following infection
and remained low up to 20 wk after infection before
rising to the levels found in the uninfected animals. The
changes in hexosamine level in the liver were more
marked compared to those in the spleen or in the lung.
Histochemical changes– In the animals infected with
M. tuberculosis, granuloma was seen at four wk in all
the three organs. The presence of moderate to extensive
non necrotic granuloma was noted in ail the animals at
ail time points in the lung and spleen. In the liver, there
was only minimal granuloma formation and less than
50 per cent of the animals in each group showed
histological changes suggestive of tuberculosis (data not
shown).
Staining of the sections by the Van Gieson’s method
showed that there was increased deposition of collagen
around the granuloma (Fig.), the terminal bronchioles
and also around the blood vessels in the lung and this
was seen from the fourth wk and persisted up to the
44th wk (Table V). Increased deposition of collagen was
not seen in the liver or the spleen till the 20th wk and
thereafter also was observed only in an occasional
animal (Table V). In these two organs, deposition of
collagen was found mainly around the granuloma. In
the liver, it was seen occasionally in the periportal
regions also.
Discussion
Tuberculosis heals by fibrosis which when in excess
can lead to disability of the affected organ. The present
study attempts to understand some of the biochemical
and pathological changes relating to fibrosis following
tuberculous infection using the guineapig model. Our
results indicate that changes relating to fibrosis as
evidenced by alterations in the levels of collagen both
biochemically and histochemically are seen primarily
in the lungs of both bieomycin treated guineapigs and
the animals infected with M. tuberculosis.
Bieomycin, an antimitotic drug, can get accumulated
in the lung and induce pulmonary fibrosis5. This drug
has been used to induce fibrosis in various experimental
animais12-16. The fibrogenic effect of this drug in the
guineapig has not been documented so far in the
literature. The data pertaining to the changes induced
by bieomycin indicate that this drug has maximal effect
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Fig. a. Deposition of collagen around the granuloma (G) in the lung from a guineapig 20 wk after infection with M. tuberculosis
(Van Gieson stain, x 40). b. Section of lung from an uninfected guineapig (Van Gieson stain, x 70).
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on the lung. However, the fibrotic changes observed are
not as marked as those observed with other model
systems5,12-16. It is possible that a higher dose and a
longer treatment with bleomycin may induce a more
pronounced effect in the guineapig model system.
Establishment of the infection with M. tuberculosis
in the guineapigs was assessed by determining the
presence of viable organisms in the spleen and the
presence of tuberculous granuloma in the three organs.
Results of the bacteriological examination reveal that
the infection seen by the fourth week appears to be
largely self-limiting as none of the infected animals died
of the disease and fewer animals had viable organisms
during the later periods of infection.
We have observed over a period of nearly 20 yr that
the guineapigs used in our experiments have gradually
acquired resistance to the regular strain of M.
tuberculosis H37Rv (unpublished observations) and this
could be the reason for a less virulent form of the disease
without obvious caseation necrosis and no mortality in
these guineapigs. It is likely that the use of other strains
might alter the picture as has been shown in mice where
strains of M. tuberculosis which had a lower virulence
produced a more chronic pathology with formation of
fibrosis17.
Increased lung collagen and increased collagen
synthesis in lungs have been demonstrated in several
animal models13-18. However, in the lungs of the
guineapigs infected with M. tuberculosis, there was a
decrease in the collagen levels up to the first 10 wk,
after infection, followed by an increase which persisted
up to the end of the observation period. The initial
decrease could be due to the release of matrix
metalloproteinases which destroy certain types of
collagen. It is known that M. tuberculosis and some of
its major components like lipoarabinomannan can
directly and indirectly release these enzymes from the
granulomatous cells19.
Histochemically, increased collagen could be seen
in the lung of the guineapig almost throughout the period
of study. This is similar to the findings of Marshall and
coworkers2 who have shown that neocollagenesis occurs
in a granuloma induced by purified protein derivative
from the second day onwards. Haschek et a1 20 observed
in an experimental model of acute pulmonary fibrosis,
a decrease in newly synthesized type III collagen
together with an increase in synthesis of total collagen.
Such a phenomenon could explain the differences
observed between biochemically estimated total
collagen and the histochemical staining in the initial
phase of the infection. In the liver, the deposition of
collagen found in the periportal region is similar to the
findings reported from human studies21.
The levels of elastin in the guineapig lung initially
decreased and then increased significantly after the sixth
week. Although new elastin formation was observed,
biochemical estimation does not provide information
about the quality of elastin formed e.g., its elasticity
and fibril formation. On the other hand, it is possible
that the elastin formed may be amorphous lacking
elasticity. Further analysis is required to determine the
quality of elastin formed.
Hexosamine levels varied considerably from animal
to animal. It is likely that the varying amounts of
congestion and stasis of blood during autopsy could have
contributed to the variation. In spite of the huge
variation, an initial decrease followed by normalisation
to the preinfection level was observed with hexosamine
also, but the levels started raising only after 20 wk
following infection.
The results reported in this preliminary investigation
indicate that the use of different strains of M.
tuberculosis with varing virulence might establish a
more suitable model for studying fibrogenesis following
tuberculosis. Therapeutic manipulations for minimising
the deleterious effects of fibrosis in the healing process
of tuberculous lesion could then be attempted using such
a model.
Acknowledgment
The authors acknowledge Smt. Jaya Gopinath and Shriyuts S.T.
Varadarajulu, S. Nambirajan and K. Chandran of the Pathology
Department for technical help. The authors also thank Shri K. J.
Ilampuranan of the Bacteriology Department for help in culture
preparation and Dr M. Naseema, Shri P Mari and Shri M. Asokan
for help with handling the animals.
2.
3.
4.
5.
6.
JAYASANKAR & RAMANATHAN: GUINEAPIG MODEL FOR FIBROSIS IN TUBERCULOSIS 97
References 11.
Poey C, Verhaegen F, Giron J, Lavayssiere J, Fajadet P, Duparc
B. High resolution chest CT in tuberculosis: evolutive patterns
and signs of activity. J Comput Assist Tomogr 1997; 21: 601-7.
Marshall BG, Wangoo A, Cook HT, Shaw RJ. Increased
inflammatory cytokines and new collagen formation in
cutaneous tuberculosis and sarcoidosis. Thorax 1996; 51:
1253-61.
12.
13.
Hemandez-Pando R, Orozco H, Arriaga K, Sampieri A, Larriva
Sahd-J, Madrid Marina V. Analysis of the local kinetics and
localization of interleukin-1 a, tumour necrosis factor-a and
transforming growth factor-ß, during the course of experimental
pulmonary tuberculosis. Immunology 1997; 90: 607-17.
Francis J. A comparison of the pathology and epidemiology of
tuberculosis in animals and man. In: Tuberculosis in animals
and man: a study in comparativepathology. 1 st edition. London:
Cassell and Company Ltd; 1958 p. 296-8.
Adamson IYR, Bowden DH. The pathogenesis of bleomycin-
induced pulmonary fibrosis in mice. Am J Pathol 1974; 77:
185-98.
14.
15.
16.
Lakshmi C. Studies on bleomycin-induced pulmonary and
cutaneous toxicity in relation to collagen metabolism, Ph.D.
thesis. Chennai: University of Madras; 1985.
Mitchison DA, Bhatia AL, Radhakrishna S, Selkon JB, Subbiah
TV, Wallace JG. The virulence in the guineapig of tubercle
bacilli isolated before treatment from south Indian patients with
pulmonary tuberculosis. Bull World Health Organ 1961; 25:
285-312.
Neuman RE, Logan MA. The determination of collagen and
elastin in tissue. J Biol Chem 1950; 186: 549-56.
Woessner JF. The determination of hydroxyproline in tissue
and protein samples containing small proportions of this imino
acid. Arch Biochem Biophys 1961; 93: 440-5.
Elson LA, Morgan WTJ. A calorimetric method for the
determination of glucosamine and chondrosamine. Biochem J
1933; 27: 1824-8.
17.
18.
19.
20.
21.
Culling CFA, Allison RT, Barr WT. Cellular pathology
techniques, 4th ed. London: Butterworths; 1985 p. 168.
Fleischman RW, Baker JR. Thompson CR, Schaeppi UH,
Illievski VR, Cooney DA, et al. Bleomycin-induced interstitial
pneumonia in dogs. Thorax 1971; 26: 675-82.
Clark JG, Overton JE, Marino BA, Uitto J, Starcher BC.
Collagen biosynthesis in bleomycin-induced pulmonary fibrosis
in hamsters. J Lab Clin Med 1980; 96: 943-53.
Kelley J, Newman RA, Evans JN. Bleomycin-induced
pulmonary fibrosis in the rat: prevention with an inhibitor of
collagen synthesis. J Lab Clin Med 1980; 96: 954-64.
Collins JF, McCullough, B, Coalson JJ, Johanson WG.
Bleomycin-induced diffuse interstitial pulmonary fibrosis in
baboons. Am Rev Respir Dis 1981; 123: 305- 12.
Berend N, Feldsien D, Cederbaums D, Cherniack RM.
Structure-function correlation of early stages of lung injury
induced by intratracheal bleomycin in the rabbit. Am Rev Respir
Dis 1985; 132: 582-9.
Dunn PL, North RJ. Virulence ranking of some Mycobacterium
tuberculosis and Mycobacterium bovis strains according to their
ability to multiply in the lungs, induce lung pathology and cause
mortality in mice. Infect Immun 1995; 63: 3428-37.
Last JA, Greenberg DB. Ozone-induced alterations in collagen
metabolism of rat lungs. II. Long-term exposures. Toxicol Appl
Pharmacol 1980; 55: 108-14.
Chang JC, Wysocki A, Tchou-Wong K-M, Moskowitz N, Zhang
Y, Rom WN. Effect of Mycobacterium tuberculosis and its
components on macrophages and the release of matrix
metalloproteinases. Thorax 1996; 51: 306-11.
Haschek WM, Reiser KM, Klein-Szanto AJP, Kehrer JP. Smith
LH, Last JA, et al. Potentiation of butylated hydroxytoluene-
induced acute lung damage by oxygen, Am Rev Respir Dis 1983;
127: 28-34.
Abdel-Kader S, Amin M, Hamdy H, Mohran Z, Abbas MM.
Causes of minimal hepatic periportal fibrosis present in Egypt.
J Egypt Soc Parasitol 1997; 27: 919-24.
Reprint requests : Dr V.D. Ramanathan, Department of Pathology, Tuberculosis Research Centre
Mayor V.R. Ramanathan Saalai, Chetput, Chennai 600031
e-mail : trcicmr@vsnl.com
